 Abstract-This paper presents real measurements of Direct Solar Radiation (DSR), Direct Normal Irradiance (DNI), Diffuse Horizontal Irradiance (DHI) and Global Horizontal Irradiance (GHI), Temperature and Humidity in Sohar-Oman (21o N, 57o E) throughout the year, with the existing meteorological conditions encountered. Real-time, high resolution solar radiation and other meteorological data were collected and processed. Monthly and daily statistics of DSR were calculated from the one-minute average recorded by the weather station. The highest one-minute average daily DSR was recorded as 937 W/m2. The highest monthly and daily mean DSR values were recorded as 730 and 493.5 W/m2, respectively. In addition to DSR, surface temperature variations, the daily average clearness indexes, and relative humidity variations are discussed. When possible, DSR and some meteorological data are compared with corresponding data of the 22-year average of NASA's surface meteorology model, Department of Meteorology-Oman (1987-1992 and author measurements. The measured data (DSR and meteorological) are in close agreement with the NASA SSE model and Department of Meteorology-Oman (1987-1992 with some discrepancy.
I. INTRODUCTION
HE continuous increase in global energy demand, depletion of fossil fuel, and fluctuation of oil prices, global warming and many other problems the human kind needed to renewable and sustainable energy source RSES became crucial. Renewable energy sources are many and their potential is different from region to another. Solar energy could be the most important one, where it is free, clean and renewable. In general, there is potential of solar energy in the Gulf Cooperation Council (GCC).
Procuring data on the availability of RER in specific localities is a crucial task. The focus of this study is to knowledge solar radiation data in Oman, which is important for the design and development of solar energy-based projects.
The efficiency of PV cells is influenced by high air temperature, humidity, wind speed, and dust contamination (a potentially major issue in the Arabian Peninsula). The environmental conditions in Oman are expected to reduce the efficiency of PV cells compared to standard conditions, and Hussein A Kazem is with the Faculty of Engineering, Sohar University, PO Box 44, Sohar, PCI 311, Sultanate of Oman (e-mail: h.kazem@soharuni.edu.om).
obtaining good estimates of this effect is important for assessing the feasibility of a solar-driven project.
The area of Oman, which is located in the Middle East, is 212,460 km 2 , with 2092 km 2 coastline. The longitude and latitude is (57 00E, 21 00N). Oman has very hot weather condition, where the temperature approaching 48 •C in summer between May and September. Dry with little rain season is the condition in most of Oman regions with humid weather near the coastal regions [1] - [4] .
In 2007, the electrical demand in Oman reached to 2,773 MW in comparison to 5,691 MW, in 2014 [1] . The peak demand expected to increase with the growth in industry and population, where the annual growth rate is 9%. The local consumption of natural gas is around 19% of the production, where 92% of this consumption is used as fuel in electrical power plants [3] . Variety in fuel resources in important for Oman, specially the use of renewable energy due to suitable. Solar radiations have been measured globally in various parts in the Gulf region [4] - [22] , and still direct beam solar radiation data are incomplete. Investigations and studies based on different models have been performed to estimate solar energy. Abdalla and Baghdady have measured global and solar radiation in Doha [4] . Some methods of predicting global solar radiation have been examined. The diffuse component of solar radiation was predicted by two methods. Comparisons of diffuse solar radiation in Dhahran with the two methods results have been done.
Ultraviolet solar radiation at Dhahran has been measured by Elhadidy et al. [5] for one complete year. Al Mahdi et al. [6] have performed a statistical assessment of the accuracy of 12 solar radiation models for five meteorological stations in the Gulf Arabian states. Hamdan [7] have measured solar radiation data for a complete year in Amman. He found that the annual average daily diffuse radiation was 4.5 MJ/m 2 and total solar radiation was 20.4 MJ/m 2 . Al-Hinani and Al-Alawi [8] , investigated monthly average daily global solar radiation in Oman. Six stations have been used in this investigation over a period of six years. The measurements lead to estimate the clearness index for a typical day for each location. Kazem et al. [9] [24] .
II. SOLAR ENERGY CALCULATION
Solar radiation is consist of or categorized into two essential portions, extraterrestrial radiation (Gextra) and global irradiation (GT) [13, 15] as shown in Fig. 1 . Gextra, is represented in equation 1
In this formula Io is a constant value named as solar constant, it equals to 1,367 W/m 2 , N is the day number (first of January is the day number one N=1).
Where (α) is the altitude angel. It is the angle stuck between the dropped beam and the plane.
(ɛ) is the incidence angle. It is the incidence from the zenith line.
In horizontal surface, both incidence and zenith angles (θ) are equaled. This is the reason behind not mention it in the figure.
(ɛ) can be found from the next equations
in which the altitude angel (α) is given by, sin α = sin L sin δ + cos L cos δ cos HS (4) Where HS is the hour angle. Hour angle also called as the angular displacement of the sun from the local location, it comes with a negative value during Post Meridiem (PM) and a positive value at during Ante Meridiem (AM). It can be found from the next equations. HS = 15(ts -12 hour) (5) Variable ts represent solar time. It measures the time duration based on sun position from the earth which is varied according to the orbit and ellipse of the earth. ts can be calculate from the next equations.
Here, the variable of LMT Represents the instant time during calculation. EOT Represents the equation of time. Lzt Represents the local standard meridian. EOT is the variance of the two time's parameters, (apparent solar) and (mean solar), with the same physical longitude, at the same real instant of time. Both parameters are taken at a given location or at another location. EOT can be found from the next equations EOT= 9.87 sin (2B) -7.53 cos (B) -1.5 (7) Where B can be calculated by using,
The local standard meridian (Lzt) is given as, Lzt = time zone in GMT × 15 (9) To measure the global solar irradiation which represented by (GHI) for tilted surface, three portions must be considered, DHI, DNI and RHI. GHI can be calculated by using, GHI = DHI + DNI + RHI (10) Where DHI is diffused solar radiation. It is the scattered radiation in the sky by clouds and other particles effects.
DNI is beam (direct) solar radiation. It is the beam which drops directly coming from the sun RHI is reflected solar radiation. It is the reflected radiation that generated from the reflection of other radiation.
RHI is equivalent to zero when work was on a horizontal surface, in this case, GHI can be found from the next equations GHI = DHI + DNI (11) It important to consider the variable (Iextra) hence, to have a good image about the solar radiation (Iextra ) indicates the whole solar energy before the atmosphere field. On other hand (GHI) indicates the solar energy after the atmosphere field. However, (Iextra) can be calculated using the next formula.
Where So is the length of day, which can be calculated by
L Represents latitude while δ represents angle of declination, which can be calculated by
The global (GHI) can be calculated using (Iextra) as below, where KT is the clearness index 
IV. RESULTS AND DISCUSSION
The solar radiation measured for complete year is shown in Fig. 2 . It is clear that the solar radiation is more than 600 W/m 2 throughout the year, which suggest that solar photovoltaic systems could be effective in this area. However, the lowest and highest daily solar radiation recorded was in March and July, respectively, as shown in Fig. 3 . Direct Normal Irradiance (DNI), Diffuse Horizontal Irradiance (DHI) and Global Horizontal Irradiance (GHI) are shown in Fig. 3. DNI represents the maximum possible beam radiation that is measurable. DHI is defined as the radiation scattered by aerosols, dusts and particles. GHI it is the total amount of the direct and diffuse solar radiation as calculated using the following formula: GHI = DNI. Cos (Ɵ) + DHI, where Ɵ is the Zenith Angle. From Fig. 3 , the maximum global solar radiation at the peak hour range between 950 and 680, in July and March, respectively. [1987] [1988] [1989] [1990] [1991] [1992] and our measurements. Also, the monthly average of the three measured data has been calculated. It was is found that the measurements are in close and almost agree, which mean that there are no significant variation in temperature. However, high temperature degrees in summar are promising to use concentrated solar power systems. Table II illustrate the monthly average measured temperature for Sohar. From Table 2 Figure 5 shows the daily humidity for Sohar, mean hourly data for July and March 2015. It is clear that the humidity is high in the morning and lately evening. However, in summar (July) the humidity is high with respect to winter (March). Table III illustrate the monthly average Relative humidity of Sohar. There is some differences between NASA SSE Model, Department of Meteorology-Oman (1987-1992) and our measurements. However, the average could give a useful compromise values. From Table III , it is found that the average highest humidity found in summar (August) is 60.39 and the lowest is 39.41, which is found in May. 
